12 United States Patent

Miyazawa

US011588441B2

US 11,588,441 B2
*Feb. 21, 2023

(10) Patent No.:
45) Date of Patent:

(54) SEMICONDUCTOR AMPLIFIER

(71)  Applicant: SUMITOMO ELECTRIC DEVICE
INNOVATIONS, INC., Kanagawa (JP)

(72) Inventor: Naoyuki Mivazawa, Yokohama (JP)

(73) Assignee: SUMITOMO ELECTRIC DEVICE
INNOVATIONS, INC., Kanagawa (JP)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 139 days.

This patent 1s subject to a terminal dis-
claimer.

(21)  Appl. No.: 17/125,727

(22) Filed: Dec. 17, 2020

(65) Prior Publication Data
US 2021/0104977 Al Apr. 8, 2021

Related U.S. Application Data

(63) Continuation of application No. 16/507,114, filed on
Jul. 10, 2019, now Pat. No. 10,903,795.

(30) Foreign Application Priority Data
Jul. 11, 2018  (JP) .o, JP2018-131324
(51) Imt. CL
HO3F 3/191 (2006.01)
HO3F 1/02 (2006.01)
HO3F 3/19 (2006.01)
(52) U.S. CL
CPC ............ HO3F 1/0205 (2013.01); HO3F 3/19
(2013.01)

(38) Field of Classification Search
CPC e e HO3F 3/191

(Continued)
(56) References Cited

U.S. PATENT DOCUMENTS

6,329,879 B1* 12/2001 Maruyama .............. HO3F 1/565
330/133
7,359,069 B2* 4/2008 Tanaka .................... B24B 49/12
451/41

7,632,110 B2  12/2009 Kanou

FOREIGN PATENT DOCUMENTS

9/1993
2/2016

JP H5-243871
JP 2016-19068

* cited by examiner

Primary Examiner — Henry Choe

(74) Attorney, Agent, or Firm — Smith, Gambrell &
Russell, LLP.

(57) ABSTRACT

A semiconductor amplifier 1 includes transistors 21a and
215 mounted side by side on a bottom plate 2 1n a space 1n
a package 6, a matching circuit 22a mounted between the
transistors 21a, 215 on the bottom plate 2, a matching circuit
22H mounted on an opposite side of the transistor 215 from
the transistor 21a on the bottom plate 2, an mput terminal
T, installed on one side of a wiring substrate 3, an output
terminal T,, installed on the other side of the wiring
substrate 3, and gate bias termuinals T, and T, and drain
bias terminals T, and T,,, installed at positions with the
input terminal T,,, and the output terminal T, of the
wiring substrate 3, and the transistor 21a, the matching
circuit 22q, the transistor 215, and the matching circuit 225
are linearly placed between the input terminal T,,, and the
output terminal T, .

10 Claims, 7 Drawing Sheets




US 11,588,441 B2
Page 2

(58) Field of Classification Search
USPC e, 330/302, 305

See application file for complete search history.



US 11,588,441 B2

Sheet 1 of 7

Feb. 21, 2023

U.S. Patent

2

r
L -l -
h-l.i.l}..n.n..ﬂ.a.l.r.__.ﬂ P - m ‘i
L ™ .P.-ll.rl.lﬂﬁ?i.lll.r. o e
R Ry Y

-~ - -
s . * =
=T _-.Ilh.n..ﬂ A

-
st et e s
- hrﬂ..-lr.- -FHJ.I.....-.-.H.-.-.-...:. =Ly r,
T e K 3w A e LY
Rt o B I e

A Lmaa

B M H

| I I I T P

—_
m

o~

- L]
DR W)
-—— -|.--|-:-'-+ﬁ-q-;II

TR T T

L

-
R

$ oy s
e

e, Bt
l.’l.'-h-l-

J.ia.':-. LI S Y
-

W Ty
kL ET S o mm oy
(rmE g el
AR S T N,

-.-‘.-I-hn.ii-l‘

-‘-i-'q-dr-h-r

T

L

H !‘!

T
- X

LI
LI

-y A aan
--"'+"+-hi-*-4q-“i L

- _1 - -
LY 4"4!#:EI:'!:'-

o mm a

R

-
-

—TE R A wm g

LI R NI NN P

kpmpag-,




US 11,588,441 B2

v

M

' .-..._.._._...o_...___.u.l_.l_.l_.l_.-.n!..._..-.__.-.-__..l....,.....__r

- mor mow om o .
R
L . L L . . . . . . . ..
L TS S S S S O T T T
L
L I I e e R I T I I e R
T L
‘e e ww Tw Tww
EIE I B B I NE BE BE B N B B B N
. e E E E T ST T EEETrrn
A a

[ B R A A N e -
. L. . B BN L. BN B BN, L. BN, BN .. e EE. . =

r - R AR B E B B B B B B R = R AR E R B B B R B B R B OB L N I - -

L I R R A R L A e A I I I ] . -

FEE R F R N A N A N N R NN . -
e . . SR .

LIE I I - ERENE I
C o m o C o wm mr o o oo oErm oEm oo -

EUE T TR e T T T e e g e e g g e e g g g e e g e ey

ey, - A e ! - )

Sheet 2 of 7

Feb. 21, 2023

U.S. Patent

Tor “ur "o -
L R EFEREFEFFENFEEERE R -
- e -
e g e g g e e g e g e e e g e e e e - -
..J T4 4 4 4 4 4444444494+ = -
- O A O X N N R A -
" .r.l.-rI-.r.l..rI.-r.l-.rl..r.l.-r.-.r.l..r..-r.l-.rl..r.l.-rl- - -
L] A G T T T T A N . -
- A I I N A -
- e e T w T Ty - -
- IR REREREEREFNFEEEE RN - R
Cae i de de de de e de e e e A ke b b -
ey e g ey ey ey By ey g ey gl By ey B ~ =
-+ &+ 4 % F F F FFEFEEEFEEEFEEFEE R - =
- a A N X I T N I N S T T -
[ e i - -
R N L N Y - .
- & & 4 .““‘.“‘.“““.“l -
o et N R ) - -
- - A m am m m am am am m om om am am am am -
: J (S ode de e e de ke de de e e e ke ke A ke -
M g ey o e g e e e g e g e g g e g g e e e -
e~ - - - - - = = = = = = = = = = = = = = = = = = = 4 &+ 4 -.-.-.J.-.J.-.J.-.J.-.J.-.J.-.J.-l IIIIIIIIIIIIIIIIIIIIIIIIII r
- O A A K N I N N A "
.l-.l-.l- Il-.l-.l-.l-.l-.l-.l-.l-.l-.l-.l-.l-.l-.l-.l-.l- -
' - R L 3
- & LB B B BN B B BN B NN BN N N NN A 3
- e -
- . JE N SN AN AN A AN AN AN AN AN AN AN JE -
“.ltu oS e e e e e e de e de e ke de e - '~
n L I i 3
g 4 & ¥ 3 - - . LA L %+ %+ %+ Fd4d & F "4 FFFFEEFEE .
.l_,..]_-____l.ru- —-— e ' - L o o o o o o o [ o o e A o] - ]
.l-..l-.l-.l-.l-.l-.l-.l-.l-.l-.l-.- Il-.l-.l-.l-.l-.l-.l I-..l - =

e ._.lu...“a / R R NN . .-
.l.l-_ﬁ-.l. - | L e A A R e ) - -
-

r i & & & & & & - o o F -
LI T L T T TRE L L - 3 -
1N N AN AN AN AN AN AN AN N aE Jd 3 -
i de e de e e e e de 1
o gy

-....
* =
- -
e
e
Forae
e,
- -
= = = +
e
- oo
[
S memam e,
[ -
e EER
Ml L
- oo ow s
D I A A A
- - -
#mmmmmym
[ -
1I-1I-1I-1I-1I-1-1|
-
e R R RETE R
R T T T T T

I I A I A R
- m o m o
1|-1I-1|-1|-1I-I|-1|
-

i A

Py

-

~

P N N | FEEREEFEEREREEEETE
R I S S S Lo I S S I S S S S -
Tt o e L T A L T - -
L I B e I e -
R EE -

B I

LI T N T T ]

[P —— La gt X SR

= e e e e
dpd g

- -




US 11,588,441 B2

Sheet 3 of 7

Feb. 21, 2023

U.S. Patent




|1|1|1|1|1|1||1.. = = p = Fr =P =F =Fr =F=Fr=rF=F=rFr=°F=7T°=F =r =r - rr = Fr=-r=-rFr=rfr=r=rFr=r=rF=rFr-=r=rF=rFfr=r°r=rFfr=r =rF =r = r i k= p = F =P =F =Fr =F=rFr=rF=Fr=rF°r=F=rFr=7°=¥F = ¢ = = Fr =rFr = rFr =rFr =r = r -
- - . . r o B
- " E . .
‘.....r ........... rrrrre r T e "
i de e de de A e e b e r -
= I T [ S S N - [ =
- ara .- - a roco- I I B R R ) .-
o N - — .
IR - m m - - Com e NI
B - a - - % -
e AR F R EF . o —
P i il i I e - R I i e
. m m am am m am m am am am am am am M rrrrrrrrrrrrre
e de e de e de e A e e b e
4 [T T T T T SR R
. - momom
- -
r
" " -
1 ﬂm -
. - -
U 1
e
-
- -
--
I-II-I
-
N
Rpdey = i
- - - -
- - -
P -
- [
- - = - . o .
Es o
- - -
L3 -k
P . .
- -
A [
- - - -. -
- -
- -
4
- -
r
S
-
-
- 4
-
- L]
. v
- -
S e
- -
- - -
" -
- -,
- -
. .
] - N
- .
- . -
-
-
= -
M -
. - -
1 r"
- . -
- -
I- "
L] - -
) L] -
. L - -
- -
b - a
LI L]
- - -
et : )
- -
- "
o K
P - a
- .
b ] - L]
N
- -
I-.‘-
P
- -
l--.l.-
- -
-
(L= ]
L I -
-
[N -
P -
- ]
I.I-I.-- = -
- = -
- - .
.
- M
- .
bt .
[ - -
- [
I.-r.l-.r - -
- -
- =
e X
- Ll
- - -
LI .
LS . .
- -
I-.-.l l.-
- - o
- "
' - .
- -
- o
ey d = -
& -
- -
-
P
& X
-
- - .
- '
-, - .
a
+
- ' .- =
-
r -
[
r
r
r
........................ P, M e e e e e e e e a a e - a - P - e e e e e e e e e a e e = e e e e = m = = = = = = = = = = = = = = = = = p
v "
- . P - - . r_ . PR |
- - r r e - B o kR ok S S U S S Sy g
T T T T T T T T A T T S LY P d e L T T T e e e T e e L T R L R I
Bk ok e kL I I T R R b ke I T T T ™m0 == = = = = = = = = = R ) Bk kS N
L N ) T A ) - PR R RS -
et T T . -t [LRE I B A ] -t I " Tt e - b ]
- - - I I NI RO N N N R R R R R N N N N N -y oy
i ke e de de A de e - o o e Er e o Eromr oEr omr o oo

ke g b g g g ke g g
+ 4 &+ 4 %

LT T T T

U.S. Patent



5 .ﬁ. o
4 W

..m.. -r-r-f..r... “.n -
oo id

Lot ]
" . - -
L N T ST A )

Ll tw et
-F oy oy = - - oy
ol oo - C k
e e bt e et it et e e el AT TN
A mmpgamme ey - .i .-

US 11,588,441 B2

v

Sheet 5 of 7

r oy s sy mm oy ma

- -

__
_ _ U .
'
“ _ -
e e de A .
FortE e .o
FEE Y EEEN
r-llll-l-llll-l I-
. momomoma A
- d .
- -
r
-
.
v
-
-
.
-
. .
.
.
.
-
e "
-I-I .-
LEE R - . -
[ A S [, oo
S [ —
- mmom o [
- mm m om - mowm
........................... A
L L L
. - r - - - . - o o o om om oo
Frrrrrr e F R REE R R R R R R e e e e e R A . T O T S A At At Rt A A A N U S
M m m o o o w mE EEE o mEmEmomom i iy F— - - C o o w mm mEmEmoEm o omomom
O T S S S S O Sl e e e e w w a - [ e U S U U
e I ‘""" """ . et I, ‘e " " " "w 'w 'w " Tt tw W T " " " " " " w
- a4 mm—a N N N NN YY) FIF R
R A e ke i A b b de e e e e A b b 1
] [ — _—h =
IIII.fl.'
ﬁ r

17~
-1

U.S. Patent

10

- Wt




US 11,588,441 B2

Sheet 6 of 7

Feb. 21, 2023

U.S. Patent




U.S. Patent Feb. 21, 2023 Sheet 7 of 7 US 11,588,441 B2

TE‘E (:‘4 1 : {:6 1 ,;‘f ? Y
\ / _..f 3: o/
\M 4 ; ”




US 11,588,441 B2

1
SEMICONDUCTOR AMPLIFIER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 16/307,114 filed on Jul. 10, 2019 and claims priority
therefrom under 35 U.S.C. 120, which application claims
priority under 35 U.S.C. 119 from Japanese Application No.

2018-131324 filed on Jul. 11, 2018. Both prior applications
are incorporated by reference herein.

TECHNICAL FIELD

The present invention relates to a semiconductor ampli-
fier.

BACKGROUND

As an apparatus that amplifies a high frequency signal, an
apparatus 1n which a plurality of metallized surfaces are
formed on an insulating substrate, one transistor chip 1is
placed on one of the metallized surfaces, and an nput
matching circuit 1s placed on another grounded metallized
surface on the insulating substrate 1s known (Japanese
Unexamined Patent Publication No. H5-243871). In this
apparatus, an mput terminal i1s 1nstalled on one side of the
insulating substrate, and an output terminal 1s installed on
the other side of the 1nsulating substrate.

Also, as a configuration of a high frequency amplifier 1n
which two transistors are connected in multiple stages, a
configuration in which two transistors and a matching circuit
are placed on a circuit board 1n a package 1s known (Japa-
nese Unexamined Patent Publication No. 2016-19068). In
this amplifier, a terminal for mputting an mnput signal to a
gate of a {first stage transistor via a matching circuit, a
terminal for supplying a bias to the gate of the first stage
transistor via a matching circuit, and a terminal for supply-
ing a bias to a gate of a second stage transistor via a
matching circuit are installed on a first side of the circuit
board 1n this order, and a terminal for supplying a bias to a
drain of the first stage transistor via a matching circuit, a
terminal for supplying a bias to a drain of the second stage
transistor via a matching circuit, and a terminal for output-
ting an output signal from the drain of the second stage
transistor via a matching circuit are installed on a second
side opposite to the first side of the circuit board 1n this order.

In the high frequency amplifier disclosed i1n Japanese
Unexamined Patent Publication No. 2016-19068, bias inter-
ference occurs because terminals for supplying a bias to the
two transistors are adjacent to each other. Therefore, there
are cases 1n which the output signal 1s unable to be generated
stably. Therefore, there 1s a demand for a semiconductor
amplifier that generates a stable output signal by preventing
bias interference in multiple stages of transistors.

SUMMARY

A semiconductor amplifier according to an aspect of the
present invention includes a package including a metal
bottom plate, an insulating circuit board placed on the
bottom plate and including a first opening, an insulating side
wall part placed on a peripheral part on the circuit board and
including a second opening larger than the first opening and
surrounding the first opening, and a lid part placed on the
side wall part and sealing a space formed by the first opening
and the second opening, first and second transistors mounted
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2

side by side on the bottom plate 1n the space, a first matching,
circuit mounted between the first transistor and the second
transistor on the bottom plate 1n the space, the first matching,
circuit connected between a drain of the first transistor and
a gate of the second transistor, a second matching circuit
mounted adjacent to the second transistor 1n the space on the
bottom plate, the second matching circuit located on an
opposite side of second transistor from the first transistor, the
second matching circuit connected to a drain of the second
transistor, an mput terminal 1nstalled at a center of one side
of the circuit board and connected to a gate of the first
transistor, an output terminal installed at a center of the other
side opposite to the one side of the circuit board and
connected to the drain of the second transistor via the second
matching circuit, first and second gate bias terminals
installed at positions with either the mput terminal or the
output terminal of the circuit board interposed therebetween,
the first and second gate bias terminals connected to the gate
of the first transistor and the gate of the second transistor,
respectively, and first and second drain bias terminals
installed at positions with the other of the mnput terminal and
the output terminal of the circuit board interposed therebe-
tween, the first and second drain bias terminals connected to
the drain of the first transistor and the drain of the second
transistor, respectively, and the first transistor, the first
matching circuit, the second transistor, and the second
matching circuit are linearly placed between the mput ter-
minal and the output terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a semiconductor amplifier
according to an embodiment.

FIG. 2 1s a back view of a bottom plate and a circuit board
which constitute a package of the semiconductor amplifier
of FIG. 1.

FIG. 3 1s a plan view of the bottom plate and the circuit
board which constitute the package of the semiconductor
amplifier of FIG. 1.

FIG. 4 1s a plan view of a side wall part which constitutes
the package of semiconductor amplifier of FIG. 1.

FIG. 5 1s a plan view illustrating a state 1n which a lid part
1s removed from the semiconductor amplifier of FIG. 1.

FIG. 6 1s a plan view illustrating a mounted state of circuit
clements 1n the semiconductor amplifier of FIG. 1.

FIG. 7 1s a circuit diagram 1llustrating a circuit configu-
ration of the semiconductor amplifier of FIG. 1.

DETAILED DESCRIPTION

Hereinatter, an embodiment of the present invention will
be described with reference to the appended drawings. Note
that 1n the description of the drawings, the same elements are
enoted by the same reference numerals, and redundant
escription will be omatted.
|Configuration of Semiconductor Amplifier]

FIG. 1 1s a perspective view of a semiconductor amplifier
according to an embodiment, FIG. 2 1s a back view of a
bottom plate and a circuit board which constitute a package
of the semiconductor amplifier, FIG. 3 1s a plan view of the
bottom plate and the circuit board which constitute the
package, FIG. 4 1s a plan view of a side wall part which
constitute the package, and FIG. 5 1s a plan view illustrating
a state 1n which a lid part 1s removed from the semiconductor
amplifier. A semiconductor amplifier 1 according to an
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embodiment 1s an amplifier for a frequency band of an X
band such as 8.5 to 10.1 GHz and 1s mcorporated into an
apparatus such as a radar.

As 1llustrated 1n FIG. 1, the semiconductor amplifier 1 1s
constituted such that circuit elements are accommodated 1n
a package 6 having a four-layer structure of a bottom plate
2 made of metal ({or example, copper), a wiring substrate 3,
a side wall part 4, and a lid part 5. As 1illustrated in FIGS. 2
and 3, the wiring substrate 3 1s a rectangular flat plate
member made of an 1nsulating material such as alumina, and
a central part thereof includes a substantially rectangular
opening 7. The wiring substrate 3 1s bonded with the bottom
plate 2 1n a state 1n which the opening 7 1s covered with the
bottom plate 2. The side wall part 4 which 1s made of a
rectangular ring-shaped insulating material (such as alu-
mina) and includes an opening 8 larger than the opening 7
illustrated 1n FIG. 4 1s bonded with a peripheral part of a
surface 10 on the opposite side of the wiring substrate 3 from
the bottom plate 2 of to surround the entire opening 7 in the
opening 8 (FIG. 5). A seal ring made of metal 1s installed on
the opposite side of this side wall part 4 from the wiring
substrate 3. The lid part 5 1s a rectangular flat plate member
made of an insulating material (such as alumina) and 1s fixed
to the seal ring while covering the opening 8. With such a
structure, that 1s, a structure 1n which the wiring substrate 3,
the side wall part 4, and the lid part 5 are placed on the
bottom plate 2 1n this order, a space on the bottom plate 2
formed by the opening 7 and the opening 8 1s sealed.

A size of the package 6 1s not limited to a specific size, and
for example, a horizontal size thereof 1s 8.7 mmx8.3 mm, a
thickness of the bottom plate 2 1s about 0.5 mm, and a
thickness 1n which the wiring substrate 3 and the side wall
part 4 are combined 1s about 0.8 mm.

Further, on a bottom surface of the package 6, that 1s, on
a back surface 11 of the wiring substrate 3, a conductive
input terminal T,,, extending vertically to a first side 3a 1s
installed at the center of the side 3a. Further, two gate bias
terminals T, ; and T, are installed 1n both end parts of the
first side 3a of the back surface 11 with the input terminal
T, 1interposed therebetween. Also, on the back surface 11, a
conductive output terminal T, extending vertically to a
second side 35 1s installed at the center of the side 3b
opposite to the first side 3aq Further, two drain bias terminals
T, ,and T, 5 are mstalled 1n both end parts of the second side
36 of the back surface 11 with the output terminal T ,,,,
interposed therebetween. The input terminal T,,; 1s a termi-
nal for receiving an input signal from the outside, the output
terminal T,, 1s a terminal for outputting an amplified
signal to the outside, the two gate bias terminals T, s and T,
are terminals for supplying a gate bias to two transistors 1n
the package 6, and the two drain bias terminals T, and T,
are terminals for supplying a drain bias to these transistors.

Further, 1n the bottom plate 2, a ground terminal T ;.
extending vertically to the sides 3¢ and 34 1s formed 1n the
central part of each of a third side 3¢ and a fourth side 3d
connecting the two sides 3a and 35 of the wiring substrate
3. Further, 1n the bottom plate 2, two protruding parts 9
vertically protruding from the side 3a are formed between
the input terminal T,,, on the first side 3a and each of the two
gate bias terminals T, 5 and T, . Further, 1n the bottom plate
2, two protruding parts 9 vertically protruding from the side
3b are also formed between the output terminal T, - on the
second side 35 and each of the two drain bias terminals T, ,
and T,,. The ground terminal T, 1s a terminal for
connecting the bottom plate 2 to the ground, and the
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4

protruding part 9 1s a connection member for electrically
connecting the bottom plate 2 with a wiring part on the
wiring substrate 3.

Here, the configuration of the wiring substrate 3 will be
described 1n more detail.

The opening 7 formed 1n the wiring substrate 3 includes
a convex notched part 7a protruding toward the central part
of the third side 3¢ and a convex notched part 76 protruding
toward the central part of the fourth side 3d. Further, in the
surface 10 on the opposite side of the wiring substrate 3 from
the bottom plate 2, a conductive wiring part L, - 1s formed
between the notched part 7a and the first side 3a, and a
conductive wiring part L., 1s formed between the notched
part 7a and the second side 3b. Similarly, i the surface 10,
a conductive wiring part L, - 1s formed between the notched
part 76 and the first side 3a, and a conductive wiring part
L, 1s formed between notched part 76 and the second side
3b6. The wining parts L, -, L., 5, L, 5, and L, ,, are electrically
connected with the gate bias terminal T,,, the drain bias
terminal T, ., the gate bias terminal T, 5, and the drain bias
terminal T, ,, respectively, via metal embedded 1n a hollow
part 12 formed on the side surface of the wiring substrate 3.
For example, when a circuit element 1s soldered to the
wiring substrate 3, a solder fillet 1s formed 1n the hollow part
12, and each of the wiring part L., L., L, 5, and L, , 1s
connected to the gate bias terminal T, the drain bias
terminal T,,, the gate bias terminal T, -, and the drain bias
terminal T, ..

Further, 1n the surface 10, a linear conductive wiring part
L, extending vertically to the side 3a from the vicinity of
the opening 7 to the front of the side 3a 1s formed between
the opening 7 and the central part of the first side 3a Further,
in the surface 10, a linear conductive wiring part L, ,,
extending vertically to the side 35 from the vicinity of the
opening 7 to the front of the side 35 1s formed between the
opening 7 and the central part of the second side 3b. These
wiring parts L., and L, are electrically connected to the
input terminal T ,,; and the output terminal T .- via holes 13
penetrating the wiring substrate 3, respectively.

Further, in the surface 10, two wiring parts L., are
formed from the opening 7 to the side 3a between the
opening 7 and the first side 3a Also, in the surface 10, two
wiring parts L ;. are formed from the opening 7 to the side
36 between the opening 7 and the second side 3b6. The four
wiring parts L .. are formed between the wiring part L, -
and the wiring part L., between the wiring part L, - and the
wiring part L,,,, between the wiring part L, ,, and the wiring
part L ;- and between the wiring part LID and the wiring
part L, The wiring parts L .., are electrically connected
to the bottom plate 2 via metal embedded in a hollow part
14 formed on the side surface of the wiring substrate 3 and
the protruding part 9 and are electrically connected to the
bottom plate 2 via metal embedded in a hollow part 15
formed on an inner wall of the opening 7 of the wiring
substrate 3. Accordingly, the wiring parts L., are
grounded. For example, when the circuit element 1s soldered
to the wiring substrate 3, solder fillets are formed in the
hollow parts 14 and 13, and the wiring parts L, and the
bottom plate 2 are connected.

As described above, the seal ring 1s placed on the upper
surface of the side wall part 4. The seal ring 1s electrically
connected to the bottom plate 2 via metal embedded across
a hollow part 16 formed on an outer side surface of the side
wall part 4 and the hollow part 14 of the wiring substrate 3
and the protruding part 9 (FIG. 5). At the same time, the seal
ring 1s electrically connected to the bottom plate 2 via metal
embedded 1n a hollow part 17 formed on an nner side
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surface of the side wall part 4 and the wiring part L - (FIG.
5). Accordingly, the seal ring of the side wall part 4 is
grounded. For example, when the circuit element 1s soldered
to the wiring substrate 3, solder fillets are formed in the
hollow parts 16 and 17, and the seal ring and the bottom
plate 2 are connected.

In the package 6 of the above-described structure, each
circuit element 1s mounted in the space formed by the
opening 7 and the opening 8. A mounting form and a circuit
configuration of the circuit elements 1n the semiconductor
amplifier 1 will be described below with reference to FIGS.
6 and 7. FIG. 6 1s a plan view 1illustrating the mounted state
of the circuit elements 1n the semiconductor amplifier 1, and
FIG. 7 1s a circuit diagram illustrating a circuit configuration
of the semiconductor amplifier 1. In the package 6 of the

semiconductor amplifier 1, three bias resistive elements R11,
R12, and R2, nine capacitors C1, C3, C21, C22, C41, C42,

C61, C71, and C72, two-stage of transistors 21a and 215,

and two matching circuits 22a and 225 are mounted. Among
these, the transistor 21a 1n the former stage, the matching
circuit 22a, the transistor 215 1n the latter stage, and the
matching circuit 225 are placed to be linearly lined up 1n this
order between the input terminal 1,,, and the output terminal
T 5.+ on the bottom plate 2 in the package 6.

The two stages of transistors 21a and 216 are, for
example, field effect transistors such as high electron mobil-
ity transistors (HEMTs) mainly composed of a GaN-based
material and are arranged side by side on the bottom plate 2
inside the opening 7. The size of the transistor 215 1s larger
than the size of the transistor 21a, and a size ratio of the
transistor 21a and the transistor 215 1s, for example 1:5. The
transistor 21a 1n the front stage 1S placed in the vicinity of
the wmng part L, on the wiring substrate 3 at the edge 1n
the opening 7, and a gate 23a thereof 1s electrically con-
nected to the wiring part L,», by a bonding wire. The
transistor 215 1n the latter stage 1s separately placed, apart
from the transistor 21a toward the wirning part L, side
with the matching circuit 22a mterposed therebetween in the
central part in the opening 7.

The capacitors C1, C3, C21, C41, Cé61, and C71 are die
capacitors mounted 1n a state 1n which the back surface
comes 1n direct contact with the wiring part L. on the
wiring substrate 3. The capacitors C22, C42, and C72 are die
capacitors mounted 1 a state in which the back surface
comes 1n direct contact with the bottom plate 2 in the
opening 7.

The resistive elements R11 and R12 are placed on the
bottom plate 2 adjacent to the transistor 21a on the side 3d
side of the wiring substrate 3 and connected 1n series on a
resistor chip. The resistive elements R11 and R12 are
connected 1n series on a resistor chip having a plurality of
clectrodes on the surface to constitute a series circuit. The
terminal of the series circuit on the resistive element R11
side 1s connected to the wiring part L, - by a bonding wire
via the surface of the capacitor C22 placed on the bottom
plate 2. A terminal of the series circuit between the two
resistive elements R11 and R12 1s connected to the gate 23a
of the transistor 21a by a bonding wire. Further, the terminal
of the series circuit on the resistive element R12 side is
connected to the surface of capacitor C3 on the wiring
substrate 3. Further, the wiring part L, 5 1s connected to the
surface of the capacitor C21 on the wiring substrate 3 by a
bonding wire. The wiring part L., 1s connected to the surface
of the capacitor C1 on the wiring substrate 3 by a bonding
wire. Further, a coupling capacitor 1s connected to the input
terminal T,,, outside the package 6.
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With such a configuration, the gate 23a of the transistor
21a can be supplied with the gate bias from the gate bias
terminal T, 5 via the resistive element R11 and also supplied
with an mput signal from the mnput terminal T,,, via the
coupling capacitor. Also, this gate 23a 1s grounded via the
resistive element R12 and the capacitor C3. Further, the gate
bias terminal T, - 1s bypassed by the capacitor C21 and the
capacitor C22 at high frequencies.

In the transistor 2156 1n the latter stage, the gate 235 1s
connected to the wiring part L, - by a bonding wire via the
surface of the capacitor C42 through the resistive element
R2. Further, the wiring part L, 1s connected to the surface
of the capacitor C41 on the wiring substrate 3 by a bonding
wire. With such a connection, the gate bias can be supplied
to the gate 23b from the gate bias terminal T, via the
resistive element R2. Also, the gate bias terminal T, 1s
bypassed by the capacitors C41 and C42 at high frequencies.

In the transistor 21a 1n the former stage, a source 1s
connected to the bottom plate 2 via a via hole (not 1llus-
trated). A drain 24qa of the transistor 21a 1s connected to the
wiring part L, , by a bonding wire via a surface electrode of
the matching circuit 22a on the bottom plate 2 and the
surface of the capacitor C72. Also, the wiring part LID 1s
connected to the surface of the capacitor C71 on the wiring
substrate 3 by a bonding wire. With such a connection, the
drain 24a can be supplied with a drain bias from the drain
bias terminal T,,. Also, the drain bias terminal T,, 1s
bypassed by the capacitor C71 and the capacitor C72 at high
frequencies.

The matching circuit 22q 1s mounted between the two-
stage transistor 21a and 2156 on the bottom plate 2, and the
capacitor CS which 1s a die capacitor 1s mounted on the
matching circuit 25a which 1s a die capacitor so that the back
surface of the capacitor C5 comes mto contact with the
surface of the matching circuit 25q. The matching circuit
22a has a pair of circuit elements symmetrical to a virtual
line LO connecting the mput terminal T,,, and the output
terminal T, corresponding to the size of the transistor
215, and the matching circuit 25a and the capacitor C5 are
included 1n each circuit element. With such a bifurcated
configuration, the output of the transistor 21a 1n the former
stage 1s electrically equally output to each finger electrode of
the transistor 2156 1n the latter stage widely placed in the
direction vertical to the virtual line LO. The surfaces of the
two capacitors CS5 are directly connected to the drain 24a of
the transistor 21q 1n the former stage by a bonding wire. The
gate 23b of the transistor 215 1n the latter stage 1s connected
to the surfaces of the two matching circuits 235a by a
plurality of bonding wires.

In such a configuration of the matching circuit 22a, a
T-type LCL circuit 1s constituted by an inductance compo-
nent included in the bonding wire between the drain 24a of
the transistor 21q in the former stage and the capacitor C5,
the matching circuit 254, and an inductance component
included 1n the bonding wire between the matching circuit
235a and the gate 235 of the transistor 215 1n the latter stage.
Accordingly, 1t 1s possible to cause an impedance seen from
the drain 24a to be closer to an output impedance through
impedance conversion, and 1t 1s possible to perform eflicient
signal amplification. Also, the capacitors C71 and C72 are
directly connected to the drain 24a of the transistor 21a 1n
the former stage, but the drain 24a and a power source
connected to the drain bias terminal T, ,, are 1solated at high
frequencies by the inductance component of the bonding
wire connecting the capacitor C72 and the capacitor CS.

In the transistor 215 1n the latter stage, the source 1s
connected to the bottom plate 2 via a via hole (not 1llus-
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trated). Further, a drain 245 of the transistor 215 1s connected
to the wiring part L, by a bonding wire via the surface
clectrode of the matching circuit 2256 on bottom plate 2.
Also, the wiring part L, 1s connected to the surface of the
capacitor C61 on the wiring substrate 3 by a bonding wire.
Further, the drain 2454 of the transistor 215 1s also connected
to the wiring part L ,,,~ by a bonding wire via the surface
clectrode of the matching circuit 22b. Further, a coupling
capacitor 1s connected to the output terminal T, outside
the package 6. With such a connection, the drain 245 can be
supplied with the drain bias from the drain bias terminal
T,,. Also, the drain bias terminal T,, 1s bypassed by the
capacitor C61 at high frequencies. Further, the output signal
generated by the transistor 215 1s output from the drain 2456
to the output terminal T ,,,~ via the matching circuit 22b.

The matching circuit 225 1s a matching circuit which 1s a
die capacitor mounted adjacent on the output terminal T, -~
side to the transistor 215 1n the latter stage on the bottom
plate 2. The matching circuit 22a includes a pair of circuit
clements 26x and 26y symmetrical to the virtual line L0
connecting the input terminal T,,, and the output terminal
T 577 corresponding to the size of the transistor 21b. A pair
of circuit elements 26x and 26y are respectively connected
to the drain 245 of the transistor 215 1n the latter stage by a
plurality of bonding wires (such as four bonding wires)
along the virtual line L0, and the lengths of these bonding
wires 1s set to increase as they are distant from the virtual
line LO. Further, two circuit elements 26x and 26y are
connected to the wiring part L, by a plurality of bonding
wires (such as two bonding wires) having connection points
near the virtual line LO on the surface electrodes of the
circuit elements 26x and 26y, and the lengths of the bonding
wires are set to have the same length. With such a bifurcated
configuration, 1t 1s possible to reduce the diflerence in the
distance from each finger electrode of the transistor 2156 1n
the latter stage widely placed 1n the direction vertical to the
virtual line L0 to the output terminal T,

In such a configuration of the matching circuit 2256, a
T-type LCL circuit 1s constituted by an imnductance compo-
nent included in the wiring between the drain 2456 of the
transistor 215 1n the latter stage and the matching circuit
22b, the matching circuit 225, and an inductance component
included 1n the bonding wire between the matching circuit
22b and the wiring part L, Accordingly, 1t 1s possible to
cause an 1impedance seen from the drain 245 to be closer to
an output impedance through impedance conversion, and 1t
1s possible to perform eflicient signal output. Also, the
capacitor C61 1s directly connected to the drain 2456 of the
transistor 216 1n the latter stage, but the drain 245 and a
power source connected to the drain bias terminal T,,, are
isolated at high frequencies by the inductance component of
the bonding wire connecting the wiring part L, , and match-
ing circuit 22b.

In the semiconductor amplifier 1 of the present embodi-
ment, the transistor 21a, the matching circuit 22a, the
transistor 215, and the matching circuit 225 are mounted in
this order to be linearly lined up between the input terminal
T, 1nstalled 1n the central part of the side 3a and the output
terminal T, -~ installed in the central part of the side 36 on
the bottom plate 2 1n the space of the package 6. Also, the
two gate bias terminals T, . and T, for supplying the bias
to the gates 23a and 235 of the two stages of transistors 21a
and 215 are installed at the end of the package 6 at positions
with the input terminal T,,, interposed therebetween, and the
two drain bias terminals T, 5 and T, ,, Tor supplying the bias
to the drains 24a and 245 of the two stages of transistors 21a
and 215 are installed at the end of the package 6 at positions
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with the output terminal T, interposed therebetween. In
such a configuration, an input signal input from the input
terminal T ,.;1s amplified by the two stages of transistors 21a
and 215 to generate an output signal, and the output signal
1s output from the output terminal T ., In this case, the two
stages of transistors 21a and 215 are linearly lined up
between the input terminal T,,, and the output terminal T ,,,-
together with the two matching circuits 22a and 225, and the
two stages of transistors 21aq and 215 are supplied with the
bias from the two terminals with the mput terminal T ,,; or the
output terminal T, interposed therebetween, and thus the
bias interiference between the two stages of the transistors
21a and 215H 1s prevented. As a result, 1t 1s possible to
generate a stable level of output signal while preventing the
bias interference in multiple stages of transistors.

Also, 1n the semiconductor amplifier 1, the input terminal
T .- and the output terminal T ,,,-are respectively connected
with the wiring part L., and the wiring part L, on the
wiring substrate 3 connected to the gate 234 of the transistor
21a 1n the former stage and the matching circuit 225,
respectively, via holes penetrating the wiring substrate 3. In
such a configuration, the mput terminal T,,; and the output
terminal T ,,,~can be connected to the transistor 21a and the
matching circuit 226 on the bottom plate 2 1n the package 6
by a short distance wiring. As a result, deterioration of the
output signal can be prevented.

Also, the gate bias terminal T, 5, the gate bias terminal
T, the drain bias terminal T, ,, and the drain bias terminal
T, are connected with the winng parts L, -, L., LID, and
L, formed on the wiring substrate 3 via metal embedded 1n
the hollow parts of the side surface of the wiring substrate
3. In this case, the two gate bias termunals T, - and T, , the
two drain bias terminals T, , and T,,,, can be connected to
the two transistors 21a and 215 by a short distance wiring.
As a result, the level of the output signal can be further
stabilized.

Further, the wiring part L -, which 1s connected to the
bottom plate 2 at the side surface of the wiring substrate 3
and the mner wall forming the opening 7, 1s formed on the
wiring substrate 3, and the wiring part L ..., 1s connected to
the bottom plate 2 between the input terminal T, or the
output terminal T our and the each of the gate bias terminal
T, -, the gate bias terminal T, -, the drain bias terminal T ,,,
and the drain bias terminal T,,. In this case, the electrical
connection between the wiring part L., on the wiring
substrate 3 and the bottom plate 2 can be secured, and the
deterioration of the output signal can be further prevented.

Further, 1n the present embodiment, the bypass capacitors
C21, C41, C71, and C61 connected to the gate bias terminal
T, =, the gate bias terminal T, -, the drain bias terminal T 1D,
and the drain bias terminal T,,, for supplying the bias are
mounted on the wiring substrate 3 in the packages 6, and the
bias terminals are connected to the bypass capacitors C21,
C41, C71, and C61 via wires. This connection configuration
1S common to each bias terminal. In other words, the
capacitors C21, C41, C71, and C61 are mounted not on the
bottom plate 2 directly connected to the ground but on the
wiring part L -, of the wiring substrate 3. Since the wiring
part L., 15 connected to the bottom plate 2 via the side
surface of the wiring substrate 3, a slight inductance com-
ponent exists from the mounting positions of the capacitors
C21, C41, C71, and C61 to the bottom plate 2. Therefore,
even though the inductance component inevitably occurs,
the component 1s equal at each bias terminal, and thus 1t 1s
possible to commonalize conditions for setting a resonance
frequency caused by such an inductance component outside
an operating band of the semiconductor amplifier 1. If a
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condition for avoiding influence of a high frequency signals
1s found for a certain bias terminal, the condition can be
applied to other bias terminals, and an implementation
design of a semiconductor chip and a passive element is
simplified.

Further, the additional capacitors C22, C42, and C72 are
connected to the bias terminals T, -, T, -, and T, ,, other than
the drain bias terminal T,,, 1n parallel to the bypass capaci-
tors C21, C41, and C71. The capacitors C22, C42, and C72
are mounted directly on the bottom plate 2, so that the
influence of the bonding wire 1s reduced. Further, since the
capacitor C22, C42, and C72 are mounted 1nside the notche
part 7a of the opening 7, a mounting likelihood on the
bottom plate 2 1s expanded. Also, the presence of the
notched part 7a enhances the 1solation eflfects between the
bias terminal T, . and the bias terminal T, , and between the
bias terminal T, and the bias terminal T,,. Since the
transistors 21a and 215 are mounted at the center of the
package 6, the wiring from each bias terminal extends to the
center of the package 6. As a result, since the distance
between the wiring parts becomes narrow 1n the central part
of the package 6, a notch 1s formed between the bias
terminals, and the capacitor directly mounted on the bottom
plate 2 1s placed there, and thus the bias wirings can be
clectrically separated. As a result, the bias interference
between the transistors 21a and 215 can be prevented, and
a stable level of output signal can be generated.

Further, in the matching circuit 225, a pair of circuit
clements 26x and 26y are connected to the wiring part L, ,,
via a plurality of bonding wires of the same length. Accord-
ingly, the output characteristic of the transistor 215 having
a large chip size and a large gate width can be stabilized, and
the bias supplied to the drain 2456 of the transistor 215 can
be stabilized as well. As a result, the stable output signal can
be generated.

Also, the drain 245 of the transistor 215 and a pair of
circuit elements 26x and 26y are connected via a plurality of
bonding wires, and the lengths of a plurality of bonding
wires are set to increase as they are distant from the virtual
line LO. With such a configuration, the effective mutual
inductance components can be equalized 1n a plurality of
bonding wires connecting the transistor 215 and the output
terminal T ,;,~ and a stable output signal can be generated.

Although the principles of the present invention have
been illustrated and described above i an exemplary
embodiment, 1t will be appreciated by those skilled 1n the art
that the present invention can be modified in arrangement
and detail without departing from such principles. The
present invention 1s not limited to the specific configurations
disclosed 1n the present embodiment. Therefore, the right to
all modifications and changes coming {from claims and the
scope of the spirit 1s claimed.

For example, 1 the semiconductor amplifier 1 of the
above embodiment, the gate bias terminals T, ;. and T, , may
be installed at positions with the output terminal T,, -
interposed therebetween or the drain bias terminals T, , and
T, may be 1nstalled at positions with the input terminal T,,;
interposed therebetween.

What 1s claimed 1s:

1. A semiconductor amplifier, comprising:

a package mcluding a metal bottom plate, and an 1nsu-
lating circuit board placed on the bottom plate and
including a first opening;

first and second transistors mounted side by side on the
bottom plate;

a first matching circuit mounted between the first transis-
tor and the second transistor on the bottom plate, the
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first matching circuit being connected between a drain
of the first transistor and a gate of the second transistor;

a second matching circuit mounted adjacent to the second

transistor on the bottom plate, the second matching
circuit being located on an opposite side of the second
transistor from the first transistor, the second matching
circuit being connected to a drain of the second tran-
sistor;

an input terminal 1nstalled at a center of one side of the

circuit board and connected to a gate of the first
transistor;

an output terminal installed at a center of the other side

opposite to the one side of the circuit board and
connected to the drain of the second transistor via the
second matching circuit;

first and second gate bias terminals installed at positions

with either the mput terminal or the output terminal of
the circuit board interposed therebetween, the first and
the second gate bias terminals being connected to the
gate ol the first transistor and the gate of the second
transistor, respectively; and

first and second drain bias terminals installed at positions

with the other of the mmput terminal and the output
terminal of the circuit board interposed therebetween,
the first and the second drain bias terminals being
connected to the drain of the first transistor and the
drain of the second transistor, respectively,

wherein the first transistor, the first matching circuit, the

second transistor, and the second matching circuit are
linearly placed between the mput terminal and the
output terminal.

2. The semiconductor amplifier according to claim 1,
wherein the input terminal and the output terminal are
connected to an mput wiring and an output wiring on the
circuit board via via holes penetrating the circuit board, the
input wiring and the output wiring being connected to the
gate of the first transistor and the second matching circuit.

3. The semiconductor amplifier according to claim 1,
wherein the first gate bias terminal, the second gate bias
terminal, the first drain bias terminal, and the second drain
bias terminal are connected with wiring parts formed on the
circuit board via metal embedded on a side surface of the
circuit board.

4. The semiconductor amplifier according to claim 1,
wherein

a ground wiring 1s formed on the circuit board, the ground

wiring being connected to the bottom plate on a side
surtace of the circuit board and an mner wall of the
circuit board forming the first opening, and

the ground wiring 1s connected to the bottom plate

between the input terminal or the output terminal and
the first gate bias terminal, the second gate bias termi-
nal, the first drain bias terminal, and the second drain
bias terminal.

5. The semiconductor amplifier according to claim 1,
wherein the circuit board includes notched parts forming the
first opening on two sides connecting the one side and the
other side.

6. The semiconductor amplifier according to claim 4,
wherein

two gate wirings interposing one of an iput wiring

connected to the input terminal and an output wiring
connected to the output terminal, the two gate wirings
being connected to the first gate bias terminal and the
second gate bias terminal, and two drain wirings inter-
posing the other of the mput wiring connected to the
input terminal and the output wiring connected to the
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output terminal, the two drain wirings being connected
to the first drain bias terminal and the second drain bias
terminal, are formed on the circuit board,

the ground wiring 1s interposed by the two gate wirings or
the two drain wirings, and

two capacitors bypassing the two gate wirings connected
to the first gate bias terminal and the second gate bias
terminal and two capacitors bypassing the two drain
wirings connected to the first drain bias terminal and
the second drain bias terminal are mounted on the
ground wiring.

7. The semiconductor amplifier according to claim 3,

wherein

the second matching circuit includes a pair of circuit
clements, the pair of circuit elements being connected
to the drain of the second transistor and arranged
symmetrically to a virtual line connecting the input
terminal and the output terminal, and
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the wiring part connected to the second drain bias termi-
nal 1s connected to the virtual line side of each of the
pair of circuit elements via a wire of the same length.

8. The semiconductor amplifier according to claim 7,
wherein the drain of the second transistor and the pair of
circuit elements are connected via a plurality of wires, and
lengths of the plurality of wires are set to increase as the
wires are distant from the virtual line.

9. The semiconductor amplifier according to claim 1,
wherein the second matching circuit constitutes an LCL
circuit between the drain of the second transistor and the
output terminal.

10. The semiconductor amplifier according to claim 1,
wherein the first matching circuit constitutes an LCL circuit

between the drain of the first transistor and the gate of the
second transistor.
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